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(57) Abstract 

Three-dimensional (3D) intelligent models are provided with data and programming instructions that enable the intelligent models to 
implement a predefined behavior in response to an event. The intelligent models include the conventional data that define the shape and 
appearance of the object, but in addition can access or include parameters to exhibit behavior corresponding to that of the object represented 
by the intelligent model. For example, an intelligent model of a television includes controls that respond to changes causing the image on 
a screen of the intelligent model or the sound produced by its speaker to change in an animation just as would be expected of a television. 
A library of intelligent models can be provided with plural sets of behaviors applicable to a class of intelligent models. Thus, an intelligent 
model representing a human character may be provided with a set of behaviors for an athlete so that the intelligent model responds to events 
in an athletic manner. 
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INTELLIGENT MODEL FOR 3D COMPUTER GRAPHICS 
Field of the Invention 

The present invention generally pertains to three-dimensional (3D) graphic objects, and more 
5 specifically, to 3D graphic objects that are provided as models for use in creating 3D scenes and 
animations. 



Bacl^round of the Invention 

Collections of two-dimensional (2D) graphic images of various subjects referred to as "clip art" have 
1 0 long been available for users to include in documents and to create graphic scenes on the computer. 
Typically, such images are catalogued or indexed by subject matter, enabling the user to more readily 
select the appropriate image from a collection. More recently, 3D objects have also been made 
available for use in creating 3D scenes and animations. The catalogued data typically defines the shape 
of a 3D object so that the object can be displayed on the user's screen as a wire frame image that can be 
1 5 rotated and repositioned relative to a viewpoint. In addition, the catalogued data for a 3D object may 
include texture and color data. Using the texture and/or color data, the wire frame image can then be 
rendered using Gouraud or other smooth shading rendering techniques to obtain a more natural 
appearing surface having the specified texture. Catalogued data for 3D objects rarely include 
information defining characteristics other than the visual appearance of the objects. 

20 

When using a conventional 3D object selected from a library catalogue, any behavior associated with 
the object must be defined by the graphic artist or animator to create a modeled object that responds to 
input and events that occur during the running of an animation in a realistic (or at least a desired 
manner). Pixar Animation Studios has developed tools for manipulating a 3D character using controls 
25 to define how each part of the character will move in an animation. For example, a control is provided 
to move an eyebrow or other parts of a 3D character's face, to express an emotion or stylize the 
character's appearance. However, this approach appears to only simplify the animator's task, since the 
behavior of the 3D object must still be specified by the animator, although simplified by the tools 
provided for that purpose. 

30 

Certain animation programs, such as the Softimage 3D animation package, also include tools to 
facilitate associating a behavior with an object to create an animation. However, certain types of 
behaviors for objects are not readily achieved except by programming the desired behavior in some high 
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level language such as C or C"^. In any case, the animator cannot simply select an object and add it to a 
background in the animation being created without undertaking substantial additional steps to define 
and implement the desired behavior. Clearly, the time and effort required to write the program code 
associated with achieving a desired behavior of an object selected from a library of 3D objects adversely 
5 impacts the animator's efficiency in creating an animation. It would be much more desirable for an 
animator to be able to select an object having a full set of associated behavioral parameters fi-om a 
library of such objects. An object already having a behavior associated with it could then simply be 
inserted into the animation without requiring that the animator create the desired behavior for the object 
by writing program code. A library object that includes an associated set of behaviors is referred to 
1 0 herein as an "intelligent model." 

A library of intelligent models should include animate objects that have defined attributes and 
behaviors. Thus, a modeled object with predefined parameters and behaviors could be provided to 
represent a specific class or type of individual or animal. For example, an anthropomorphic modeled 

1 5 object (male or female) could be associated with certain behaviors that are typical of an athlete, such as 
the ability to adroitly catch a ball thrown into the vicinity of the object. It would also be desirable to 
provide a library of packaged behaviors from which a set of behaviors can be selectively associated with 
a specific type or class of intelligent model. Given a set of associated behaviors, the animator should 
also be provided with the means to easily edit, extend, or modify parameters affecting the behavior of 

20 the intelligent model. Currently, the available libraries of modeled 3D objects do not provide these 
capabilities or functions. 

Summary of the Invention 

In accord with the present invention, a modeled object having associated behaviors for use in a graphic 
25 image includes shape data defining a shape of the modeled object as it will appear when the shape data 
are displayed by a computer. Surface data defining an appearance of the surface of the modeled object 
when displayed by the computer are also provided. In addition, behavioral data are included to define 
parameters associated with the modeled object that become active in response to a stimulus applied to 
the modeled object after the modeled object is displayed. The parameters determine a predefined 
30 response to the stimulus by at least a portion of the modeled object, so that the modeled object reacts in 
a desired manner to the stimulus during an animation in which the graphic image is displayed. Thus, 
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the modeled object can be incorporated into an animation without the user being required to program 
the object's behavior, since the behavior data for the modeled object already determine how the object 
will respond to stimuli. 

5 In one embodiment, the parameters for the modeled object define a behavior that emulates that of a 
class of selected objects represented by the modeled object. The selected objects may be objects that 
exist in the real world or imaginative objects. At least a portion of the modeled object reacts to the 
stimulus in a manner substantially emulating that of an object from the class of selected objects 
represented by the modeled object. Further, at least a portion of the modeled object may con*espond to 
10 a functional component of the selected object to which the modeled object corresponds, and may 
respond to the stimulus substantially like the functional component of the real object. 

The model object preferably also includes a plurality of different behavioral data sets fi-om which a 
specific behavioral data set is selectable by a user for association with the modeled object. The specific 
1 5 behavioral data set then comprises different parameters that define different actions of the modeled 

object in response to a plurality of stimuli. The behavioral data are associated with different portions of 
the modeled object specified by the shape data, so that a predefined stimulus applied to selected portions 
of the displayed modeled object triggers a predetermined event. 

20 An editor, menu option, a or graphic user interface control can be provided for modifying the 

parameters defined by the behavioral data. In addition, the behavioral data associated with the modeled 
object are selectively displayable to a user by the computer. 

Further aspects of the present invention are directed to a method for providing a predefined associated 
25 behavior for a modeled object for use in a graphic image on a computer, and to an article of manufacture 
for providing a predefined associated behavior for a modeled object. These aspects of the invention are 
generally consistent wdth the elements of the modeled object discussed above. 
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Brief Description of the Drawing Figures 

The foregoing aspects and many of the attendant advantages of this invention will become more readily 
appreciated as the same becomes better understood by reference to the following detailed description, 
5 when taken in conjunction with the accompanying drawings, wherein: 

FIGURE 1 is an isometric view of a digital computer suitable for implementing the present invention; 
FIGURE 2 is a block diagram of some of the more important functional components of the digital 
computer shown in FIGURE 1; 

FIGURE 3 is an exemplary intelligent model representing a television, in accord with the present 
1 0 invention; 

FIGURE 4 is a block diagram of the functional components of the intelligent model television of 
FIGURE 3; 

FIGURE 5 is another example of an intelligent model tlaat represents a desk lamp, illustrating how the 

desk lamp produces light that raises the temperature of a thermometer; 
1 5 FIGURE 6 is a block diagram illustrating a first embodiment for relating an intelligent model and its 

run-time library of data to an application that accesses and employs the intelligent model; 

FIGURE 7 is a block diagram illustrating a second embodiment for relating an intelligent model and its 

run-time library to an application that employs the intelligent model; and 

FIGURE 8 is a block diagram of yet a third approach for providing an intelligent model to an 
20 application. 

Description of the Preferred Embodiment 

Computer System Suitable for Implementing the Present Invention 

With reference to FIGURE 1, a generally conventional personal computer 30 is illustrated, which is 
25 suitable for use in connection with practicing the present invention. Altematively, a workstation 
coupled to a network and server may instead be used. Personal computer 30 includes a processor 
chassis 32 in which are mounted a floppy disk drive 34, a hard drive 36, a motherboard populated v^th 
appropriate integrated circuits (not shown), and a power supply (also not shown), as are generally well 
known to those of ordinary skill in the art. A monitor 38 is included for displaying graphics and text 
30 generated by software programs that are run by the personal computer. A mouse 40 (or other pointing 
device) is connected to a serial port (or to a bus port) on the rear of processor chassis 32, and signals 
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from mouse 40 are conveyed to the motherboard to control a cursor on the display and to select text, 
menu options, and graphic components displayed on monitor 38 by software programs executing on the 
personal computer. In addition, a keyboard 43 is coupled to the motherboard for user entry of text and 
commands that affect the running of software programs executing on the personal computer. 

5 

Personal computer 30 also optionally includes a compact disk-read only memory (CD-ROM) drive 47 
into which a CD-ROM disk may be inserted so that executable files and data on the disk can be read for 
transfer into the memory and/or into storage on hard drive 36 of personal computer 30. For use in 
connection with the present invention, personal computer 30 is preferably coupled to a local area and/or 
1 0 wide area network and is one of a plurality of such computers on the network. 

Although details relating to all of the components mounted on the motherboard or otherwise installed 
inside processor chassis 32 are not illustrated, FIGURE 2 is a block diagram showing some of the 
functional components that are included. The motherboard has a data bus 33 to which these functional 

15 components are electrically connected. A display interface 35, comprising a video card, for example, 
generates signals in response to instructions executed by a central processing unit (CPU) 53 that are 
transmitted to monitor 38 so that graphics and text are displayed on the monitor. A hard drive and 
floppy drive interface 37 is coupled to data bus 33 to enable bidirectional flow of data and instructions 
between data bus 33 and floppy drive 34 or hard drive 36. Software programs executed by CPU 53 are 

20 typically stored on either hard drive 36, or on a floppy disk (not shown) that is inserted into floppy 
drive 34. The software instructions for implementing the present invention and the data defining a 
plurality of intelligent models provided in a library will likely be distributed either on floppy disks, on- 
line via a modem, or on a CD-ROM disk. The data defining the intelligent models comprising a library 
fi-om which a user or animator can select will typically be stored either locally on the animator's hard 

25 drive 36, or more likely, on a hard drive associated with a server of the network to which the animator's 
computer or workstation is connected (not shown). When a specific intelligent model is selected, the 
data defining it will be loaded into the memory of the computer/workstation for use in an animation of 
scene in accord with machine instructions that define how an application using the intelligent model 
will apply the behavior of the intelligent model. These machine instructions comprising the application 

30 will also be loaded into memory for execution by CPU 53. 
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A serial/mouse port 39 (representative of the two serial ports typically provided) is also bidirectionally 
coupled to data bus 33, enabling signals developed by mouse 40 to be conveyed through the data bus to 
CPU 53. A CD-ROM interface 59 connects CD-ROM drive 47 to data bus 33. The CD-ROM interface 
may be a small computer systems interface (SCSI) type interface or other interface appropriate for 
5 connection to and operation of CD-ROM drive 47. 

A keyboard interface 45 receives signals from keyboard 43, coupling the signals to data bus 33 for 
transmission to CPU 53. Optionally coupled to data bus 33 is a network interface 50 (which may 
comprise, for example, an Ethemef^^ card for coupling the personal computer or workstation to a local 
1 0 area and/or wide area network). 

When a software program is executed by CPU 53, the machine instructions comprising the program that 
are stored on a floppy disk, a CD-ROM, a server (not shown), or on hard drive 36 are transferred into a 
memory 5 1 via data bus 33. Machine instructions comprising the software program are executed by 

15 CPU 53, causing it to implement fimctions determined by the machine instructions. Memory 5 1 

includes both a nonvolatile read only memory (ROM) in which machine instructions used for booting 
up personal computer 30 are stored, and a random access memory (RAM) in which machine 
instructions and data are temporarily stored when executing application programs, such as those that use 
an intelligent model. Examples of such applications programs include graphic animations programs, 

20 Web page creation programs, and other environments in which an intelligent model may be employed 
to implement a set of behaviors or fimctions. 

In connection with the present invention, the term "intelligent model" is synonymous with the concept of a 
"complete model," since it encompasses not only the geometry that defines the shape, texture, and general 

25 appearance of an object, but also the information defining its construction as a set of rules, the material that 
comprises it, its animation, and general behavior in response to events. In other words, all of the 
information required to make use of the model is contained within the data that define the intelligent 
model. The intelligent model is thus an encapsulation of data and knowledge that defme an object and 
which are made accessible to a user. In addition, the inteUigent model can be viewed as an open 

30 description format for the model. Furthermore, as will be evident from the examples of pseudo-code 

associated with defining an intelligent model's behavior in response to an event that are provided below. 
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an animator can readily edit the behavior to provide simple modifications. It is thus contemplated that an 
editor will be provided with one or more intelligent models to enable an animator to open a list of the code 
instructions associated with an intelligent model and make minor editing changes. Altematively, the user 
may select options from a menu, or manipulate a control such as a slider or respond to options in a dialog 
5 box. Almost any commonly employed mechanism for enabling user entry and selection of options in 

either a text or a graphics user interface environment is thus contemplated to enable a user to selectively set 
one or more parameters for an intelligent model 

A simple example of a first intelligent model is illustrated m FIGURE 3. In this example, a television 70 is 
1 0 illustrated. In appearance, television 70 appears just like prior art 3D models of a television that are not 
intelligent. Television 70 includes a cabinet or chassis 72, a screen 74, a control panel 76, and a 
speaker 78. On control panel 76 are disposed a channel selector knob 80, a volume control 82, a contrast 
control 84, and a brightness control 86 (along with other controls appropriate to a television). 

15 To define the 3D shape and appearance of television 70, as is well known in the prior art, the television 
will be defined as a collection of polygons (a bounded planar surface). Each polygon is specified by an 
arrangement of points in 3D space. Plus, chassis 72 would be defined by a series of points generally as 
follows: 
TV={ 

20 Polygon 1 = { (0, 0, 0), (20, 0, 0), (20, 10, 0), (0, 1 0, 0) } ; 

Polygon 2= {...}; 

PolygonN={ ... }; 

}; 

25 

The intelligent model's components will be grouped into sub-components or parts. For example, in 
regard to television 70: 
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TV = { 

Shell = { 

Polygon 1 = { (0, 0, 0), (20, 0, 0), (20, 10, 0), (0, 10, 0) }; 
Polygon2= { ... }; 

5 

Polygon N= { ... }; 

}; 

Screen { 
10 }; 

}; 

In addition to the preceding data that define the shape and general appearance of the inteihgent model 
1 5 for television 70, additional information is provided, such as an identification of the surface material and 
texture for each of the surfaces of the model. For example, screen 74 would have a smooth surface 
texture and reflective qualities characteristic of glass. Speaker 78 would be defined to have a fabric-like 
or foam-like texture, while chassis 72 might be defined to have either a wood grain texture or a flat 
painted texture. This type of information can reside at the model level, as well as at the polygon level. 
20 The information included with an intelligent model that sets it apart from simple prior art modeled 

objects are logical instructions that are executed by a computer to define the behavior of the intelligent 
model in response to one or more events. These instructions and data are specific to the particular 
object represented by the intelligent model. For example, for the intelligent model represented by 
television 70, FIGURE 4 illustrates the fiinctional components of the television that generally define its 
25 operation. These functional components, which are generally identified by reference numeral 70', are 
included in the data defining television 70 and broadly replicate the actual electrical components 
included in an actual television. 

Thus, in connection with the intelligent model for television 70, a block 94 indicates that a line-in signal is 
30 provided that is input to a block 96. In block 96, the signal is split into an image component and an audio 
component. The image component of the signal is input to a block 92 that contains image circuitry used to 
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produce a picture that will appear on screen 74 consistent with the signal input at block 94. Contrast 
control 84 and brightness control 86 are coupled to the image circuitry. Thus, the appearance of the image 
appearing on screen 74 (in an animation in which the intelligent model of television 70 is included) will be 
controlled by adjustment of contrast control 84 and brightness control 86 Just as in an actual television. 
5 The audio component of the signal from block 96 is applied to audio circuitry in a block 90 of the 
intelligent model. Since the audio circuitry is coupled to volume control 82, manipulation of the 
volume control will vary the volume of the sound "produced" by speaker 78. In other words, when the 
volume control is changed in an animation, the sound associated with a television program in the 
animation that is heard by someone watching the animation will also be changed. Power for 
1 0 "energizing" television 70 is applied from a power source, as indicated in a block 98, and is input to 

television 70 through a power distribution circuit in a block 1 00 to the image circuitry in block 92 and to 
the audio circuitry in block 90. 

Based on the preceding description of the fimctional blocks associated with the intelligent model 
1 5 representing television 70, it will be apparent that the intelligent model is configured to operate and 
respond to events in a manner similar to an actual television. To define the relationship between the 
functional components of the intelligent model, a description of each block shown in FIGURE 4 must 
be provided as part of the data and instructions of the intelligent model. 



20 



A simplified description of the diagram shown in FIGURE 4 looks like: 
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TV( Line_in)={ 
Logic = { 

Audio = get_audio( Line_in ); 
Image ~ get_image( Line__in ); 

}; 

Screen = { 

Geometry = { 

}; 

apply_texture( polygon 1, Image ); 

}; 

Speaker = { 
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In the context of its use, the intelligent model representing television 70 clearly has greater utility than a 
prior art simple black box model representing a television. If the animation in which television 70 is 
included has a character that adjusts volume control 82, the audio level of the television program 
appearing to emanate from speaker 78 will increase or decrease. Similarly, if an animated character 
5 manipidates channel selector knob 80, the image appearing on screen 74 will change to show a different 
program image based upon a line-in input applied to block 94 for the channel selected by the animated 
character. In other words, each of the controls and functionality of intelligent model 70 v^U correspond 
to what one would expect for a true television in response to an interaction with an extemal animated 
character — all without requiring the user to program the behavior of the intelligent model representing 
10 television 70. 

An intelligent model need not be limited to the conventional behaviors associated with an object. Special 
behaviors can also be provided. For example, television 70 might have a special behavior related to its 
response to an object that impacts screen 74. In this case, the intelligent model for television 70 may 
include an "explode behavior" that will be initiated if the speed of the object and type of object are 
determined to exceed a level likely to cause screen 74 to implode. If a foam ball impacts screen 74 in a 
displayed animation, it may simply bounce off without causing any effect. However, if a hard baseball is 
thrown against the screen, the force and hardness of the object impacting the screen may exceed the level 
determined to initiate the explode behavior. An animator may choose to use the editor to change the 
criteria defining the limiting values for object velocity and object hardness and thus modify the behavior of 
television 70. The animator may decide to change the behavior from an explosion of the screen to a simple 
spider web cracking of the screen. Using the provided editor, menu options, or graphic user interface 
control, the behavior data and instmctions that determine a behavior are readily displayed and modified by 
the animator or user of the intelligent model. For example, the user or animator may change the intelligent 
model's behavior by simply moving a slider to a different position. 

FIGURE 5 represents a second example of an intelligent model, a table lamp 120. This intelligent 
model includes a base 122, an articulated support arm 124, a reflector hood 126, an on/off control 128, 
and a lamp 130. Intelligent model 120 responds to on/off switch 128 being toggled on by producing 
30 light and heat directed downwardly from lamp 130. Thus, in an animation in which intelligent 

model 120 is employed, a thermometer 132 (also an intelligent model) that is placed under lamp 130 



15 



20 



25 
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will respond to the "heat" produced by lamp 130 by increasing the height of its temperature indicating 
fluid column 134. 

When an intelligent model is loaded into an environment such as an animation, the model has to be 
registered in that environment. The step of registering the model is required so that the environment 
5 becomes aw^are of the model, its properties, and behavior. Because the model may react to events, such 
as the adjustment of the brightness of the image in the above example, the environment has to notify the 
model when any event occurs. These events may arise due to actions of other intelligent models (or 
other conventional modeled objects) in an animation or other application. 

10 The instructions for registering a model will generally look like: 
Load the Intelligent Model description; 
IF the Intelligent Model reacts to an event; 

Add Intelligent Model to the list of Intelligent Models subject to that event; 

ENDIF; 

15 IF the Intelligent Model has time-based behavior: 

Add Intelligent Model to the time table; 

ENDIF 



In certain applications of an intelligent model, the user may interact with it by producing an event using 
20 the keyboard, the mouse, or other input device. For example, if the user clicks a mouse button while the 
cursor or pointer associated with the mouse is over a particular portion of the intelligent model being 
displayed on monitor 38 (FIGURE 1), the intelligent model will be notified of the "mouse click" event 
and will react to it - but only if an event of that type is defined for that particular intelligent model. 
Other types of behavior exhibited by an intelligent model may be unrelated to any event. For example, 
25 a particular intelligent model may have a radiance level that pulses at a periodic interval at all times 
while the intelligent model is displayed. 

In regard to the environment in which the intelligent model is used, the list of intelligent models subject 
to an event would be referenced each time that an event occurs. Upon the triggering of an event, the list 
30 of intelligent models would be scanned, and each intelligent model would be notified of the event. 
However, it is also contemplated that in certain cases, an intelligent model may be provided with a 
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behavior enabling it to "consume the event," thereby keeping the event for itself. In this case, other 
intelligent models would not be notified of the event. Also, the environment may control the 
notification of intelligent models based on the type of event that has occurred. Thus, a mouse click 
event may only be sent to a particular intelligent model that is directly under the mouse pointer, but not 
to any other intelligent model in the environment. To facilitate this type of event filtering, the 
configuration will be provided that is appropriate to the particular situation and environment. An 
example of the pseudo-code instructions for enabling a model to consume an event follows. 
FOR all Intelligent Models in the hst. 

Pass the event to the Intelligent Model; 
IF the Intelligent Model has consumed the event AND 
the event can be consumed. 
Clear the event 
Break out of the loop; 

ENDIF 
NEXT Intelligent Model 

For certain intelligent models, a dependency on time may be appropriate. In this case, a time table will 
be provided that contains all the intelligent models in the environment having a dependency on time. 
The environment will monitor the time and notify the appropriate intelligent models when and if their 
associated time related events occur. Each intelligent model will then receive a time event and process 
it accordingly. Since several intelligent models may have to be notified at the same time, a new 
processing thread must be created for each intelligent model. The intelligent model can then execute at 
its own pace without blocking any other intelligent model from executing an appropriate response to the 
time event. 

The time table can be organized in several different ways, including relative time, absolute time, etc. It 
will be up to the application in which the intelligent model is used (or the user) to determine how best to 
organize the time table. In addition, the time table can be sorted in regard to an expiration time for each 
event to improve its efficiency. The following pseudo-code illustrates a response to the time event in a 
time table (assumes that no sorting operation has been applied). 
For all entries in the table, 

IF the time has just expired 
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Send "Time" event to the model; 
IF one-time event, 

Delete the event from the table 

ELSE 

5 Re-queue the time event in the table 

ENDIF 

ENDIF 
NEXT entry 

It should also be noted that an intelligent model may not have a time-based event as part of its general 
1 0 description. Instead, the time event may be dependent upon a particular context. When the intelligent 
model enters a context having a time dependency, the intelligent model can then be enabled to enter an 
entry into the time table so that it will respond to the occurrence of that time by implementing a 
predetermined behavior. 

15 To define the logical behavior for an intelligent model, an augmented transition network (ATN) is 
preferably used. The ATN is basically a state machine that is applied for specifying the logic 
implemented by an intelligent model, since it describes the various states in which the intelligent model 
can be. A transition from one state to another is based on a response by the intelligent model to events 
in the environment of the intelligent model. Upon the receipt of an event, the intelligent model 
20 examines its current state and determines if this event is known and should be responded to. If a 
response is required for the current event, the intelligent model executes one or more actions that 
associated with the event, thereby executing a state transition. This transition may move the intelligent 
model into a new state, or the intelligent model may stay in the same state, dependent upon the user's 
determination of how the intelligent model should respond. If an event is not defined in the logic that 
25 stipulates the behavior of an intelligent model, it will simply be rejected or ignored. The following 
pseudo-code illustrates this aspect of the intelligent model, 

FOR all of the events associated with the current state, 

IF the current event is the same as the received event 
Execute actions 
30 Set new current state 

Break out of the loop 
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ENDIF 
NEXT event 

Associated with each event to which an intelHgent model may respond is a set of actions. An action can 
5 be a single statement in the logic definition, Kke a set of the attributes of the model, or it may be more 
complex, such as a script that determines a specific behavior in response to an event. The person 
designing an intelligent model (or the animator) can determine the complexity of the actions of the 
intelligent model in response to an event, depending upon the result desired. In order to accomplish this 
result, an animator must be able to address an intelligent model in a series of statements or commands, 
1 0 Using such commands, the intelligent model and its components must all be addressable and 

modifiable. The line editor provides the animator or user a simple context for modifying the statements 
or commands the define the behavior of an intelligent model. 

Typically, a first intelligent model will not set an attribute for a second intelligent model that is outside 
1 5 the scope of its own behavior, as defined in the logic data associated with the first intelligent model. A 
basic premise that applies to intelligent models is that an intelligent model cannot assume the existence 
of an outside or external environment. The only way that an intelligent model can communicate outside 
its own scope is to send a message to the environment and to receive events fi'om the environment. 
Using that approach, the environment can pass a message received fi*om an intelligent model to other 
20 intelligent models that are contained in the environment. 

One type of an action associated with an event may be a predefined behavior that is described at the 
intelligent model level instead of being embedded in the ATN, These behaviors can be viewed as 
similar to a function call. For example, the designer of an intelligent model might provide an instruction 
25 such as WALK (5), meaning that the intelligent model should execute a walk behavior over a distance 
of five units in response to an event, such as a door opening. To define the walk behavior, a script will 
be provided that is written in a high-level language such as Visual Basic, JAVA, or C^. However, the 
animator or user of the intelligent model need never access this script, unless changes are desired, e.g., 
changing the script to execute the command WALK (4). 



30 
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When an intelligent model is used, the environment in which it is placed will be responsible for 
managing a response to the input of an animator, for displaymg each of the intelligent models, for 
dispatching the events upon their generation, and for generating events that are based upon some 
condition, such as user input, time, etc. Thus, it is important that the environment in which intelligent 
5 models are used be enabled to interact with the intelligent models to achieve the desired behavior that is 
associated with them. 

As noted above, the behavior associated with an intelligent model can correspond to that expected from 
a corresponding real world object, or can be very different. For a given class of intelligent models, 

10 different sets of behaviors may be included in the library of intelligent models for selection and 

association with a selected intelligent model from that class. For example, if the class of intelligent 
models is "boats," one set of behaviors associated with the boat would provide for the boat to be fast 
and responsive, while an alternative set of behaviors would cause the boat to appear broken down, 
enable it to "leak," and to sink. To change the behavior associated with an intelligent model, the user or 

1 5 animator would simply select the intelligent model and load a new set of behaviors from the library, 
perhaps using a menu item in the editor that is provided. Once selected and associated with the 
intelligent model, the behaviors would then determine how the intelligent model responds to events and 
how it is otherwise characterized in its environment. 



20 Behaviors can also be associated with human and non-human characters used as intelligent models. For 
example, the behaviors that might be associated with a human character represented by an intelligent 
model could include laughing, jumping, running, etc. Furthermore, characters can be characterized as 
intelligent models of a specific type and a corresponding set of behaviors selected and associated with 
that type. For example, a human character (male or female) intelligent model can be associated with a 

25 specific set of behaviors appropriate to an athlete. Thus, when the human intelligent object having an 
associated set of sport behaviors is placed in an environment in which another object, such as a ball, is 
thrown near the human intelligent model, in response to the ball toss event, the intelligent model can 
respond by raising a hand to catch the ball. Other sets of behaviors associated with a human character 
might be those expected of a police officer, or those expected of a soldier. By selecting a different set of 

30 behaviors for an intelligent model, the reactions of that intelligent model to events in the environment 
can readily be modified to meet almost any requirement. 
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To enable an appropriate response to an event in accordance with the program logic provided for an 
intelligent model, a run time library 154 can be provided. In one embodiment, run time library 1 54 is 
accessed by an application 152 in which an intelligent model 1 50 is employed. The run time library 
5 includes execution engines that implement specific tasks related to an aspect of the intelligent model. 
For example, a graphic library 1 56 will respond to an event by producing a predefined graphical change 
when indicated by the intelligent model. An image library 160 is an execution engine that knows how 
to change the image of the intelligent model, e.g., to do an image inversion that will affect the texture of 
the intelligent model, in response to a request from the intelligent model to do so. Similarly, an audio 
10 library 158 is an execution engine that can play audio and apply effects on an audio stream related to the 
intelligent model. There is no data contained in these libraries. 

The overall fimctioning of an intelligent model is controlled by a behavior engine 162 included in the 
run time library. The approach shown in FIGURE 6 is ideal for applications in which the amount of 
data defining the intelligent model is required to be relatively small, for example, facilitating 
transmission of the data over a network through a relatively slow communication path, e.g., via a 
conventional modem. 

If the size of the data required for defining the intelligent model is not a constraint, FIGURE 7 shows an 
altemative arrangement in which the run time library is maintained at the location where intelligent 
model 150' is implemented. When the intelligent model is loaded into an application 152', the run time 
library associated with the intelligent model is available to it, just as in connection with the approach 
shown in FIGURE 6. The intelligent model is then responsible for connecting to the run time library 
and executing its functions correctly. Also, the application must inform the intelligent model of any 
event occxirring or of any object in the vicinity of the intelligent model with which interaction is 
required, since these events may trigger a change of state within the intelligent model corresponding to 
its predefined behavior. 

A further embodiment is shown in FIGURE 8. In this embodiment, an intelligent model 1 94 contains 
code to be executed 196 on the target platform. For this case, the code to be executed includes only a 
30 subset of the run time libraries, i.e., only the code for the execution engine(s) required for that particular 
intelligent model to implement its predefined behaviors. 
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Although the present invention has been described in connection with the preferred form of practicing 
it, those of ordinary skill in the art will understand that many modifications can be made thereto within 
the scope of the claims that follow. Accordingly, it is not intended that the scope of the invention in any 
5 way be limited by the above description, but instead be determined entirely by reference to the claims 
that follow. 
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The invention in which an exclusive right is claimed is defined by the following: 

1 . A modeled object having associated behaviors, for use in a graphic image, comprising: 

(a) shape data defining a shape of the modeled object when the shape data are displayed by a 
computer; 

(b) svirface data defining an appearance of the surface of the modeled object when displayed by the 
computer, said surface data including at least one of color and texture; and 

(c) behavioral data defining parameters associated with the modeled object that become active in 
response to a stimulus applied to the modeled object after the modeled object is displayed within the 
graphic image by the computer, said parameters determining a predefined response to the stimulus by at 
least a portion of the modeled object, so that the modeled object reacts in a desired manner to the 
stimulus during an animation in which the graphic image is displayed. 

2. The modeled object of Claim 1, wherein the parameters for the modeled object define a 
behavior that emulates a behavior of a class of selected objects represented by the modeled object, at 
least said portion of the modeled object reacting to the stimulus in a manner substantially emulating that 
of an object fi-om the class of selected objects represented by the modeled object. 

3. The modeled object of Claim 2, wherein at least said one portion of the modeled object 
corresponds to a functional component of the object to which the modeled object corresponds, and 
wherein at least said one portion responds to the stimulus substantially like the fimctional component of 
said object. 

4. The modeled object of Claim 1, further comprising a plurality of different behavioral data sets 
fi'om which a specific behavioral data set is selectable by a user for association with the modeled object, 
said specific behavioral data set comprising different parameters that define different actions of the 
modeled object in response to a plurality of stimuli. 

5 . The modeled object of Claim 1 , fiirther comprising an editor for modifying the parameters 
defined by the behavioral data. 
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6. The modeled object of Claim 1 , wherein the behavioral data are associated with different 
portions of the modeled object specified by the shape data, so that a predefined stimulus applied to 
selected portions of the displayed modeled object triggers a predetermined event. 

7. The modeled object of Claim 1 , wherein the behavioral data associated with the modeled object 
are selectively displayable to a user by the computer. 

8. A method for providing a predefined associated behavior for a modeled object for use in a 
graphic image on a computer, comprising the steps of: 

(a) defining a shape of the modeled object for display by the computer using shape data; 

(b) defining an appearance of a surface of the modeled object using surface data, when the modeled 
object is displayed by the computer; and 

(c) predefining an associated behavior for the modeled object using behavioral data that define 
parameters associated with the modeled object, said parameters determining a response of at least a 
portion of the modeled object to a predefined stimulus, so that when the predefined stimulus is applied 
to at least said portion of the modeled object, the modeled object responds with the associated behavior. 

9. The method of Claim 8, wherein the parameters for the modeled object define a behavior that 
emulates a behavior of a class of selected objects represented by the modeled object, at least said portion 
of the modeled object reacting to the stimulus in a manner substantially emulating that of an object from 
the class of selected objects represented by the modeled object. 

1 0. The method of Claim 9, wherein at least said one portion of the modeled object corresponds to a 
component of the object to which the modeled object corresponds, and wherein at least said one portion 
responds to the stimulus substantially like the component of said object. 

1 1 . The method of Claim 8, further comprising the step of selecting a specific behavioral data set 
fi-om a plurality of different behavioral data sets for association with the modeled object, said specific 
behavioral data set comprising different parameters that define different actions of the modeled object in 
response to a plurality of stimuli. 

12. The method of Claim 8, further comprising the step of modifying the parameters defined by the 
behavioral data to customize the response of the modeled object to stimuli. 
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13 . The method of Claim 8, wherein the behavioral data are associated with different portions of the 
modeled object specified by the shape data, further comprising the step of applying a predefined 
stimulus to selected portions of the modeled object to trigger a predetermined event. 

14. The method of Claim 8, further comprising the step of selectively displaying the behavioral data 
associated with the modeled object to a user. 

1 5 . An article of manufacture for providing a predefined associated behavior for a modeled object 
for use in a graphic image on a computer, comprising: 

(a) a memory media adapted for use with a digital computer; and 

(b) a plurality of machine instructions and data stored on the memory media, said machine 
instructions and data defining a plurality of functions that are implemented when the machine 
instructions are executed by the digital computer, said data and functions including: 

(i) shape data that defme a shape of a modeled object for display by the digital computer; 

(ii) surface data defining an appearance of a surface of the modeled object when the modeled object 
is displayed by the digital computer; and 

(iii) behavioral data that define parameters associated with the modeled object, said parameters 
determining a response of at least a portion of the modeled object to a predefined stimulus, so that when 
the predefined stimulus is applied to at least said portion of the modeled object, the modeled object 
responds with the associated behavior. 

1 6. The article of manufacture of Claim 1 5, wherein the parameters for the modeled object define a 
behavior that emulates a behavior of a class of selected objects represented by the modeled object, at 
least said portion of the modeled object reacting to the stimulus in a manner substantially emulating that 
of an object fi-om the class of selected objects represented by the modeled object, 

17. The article of manufacture of Claim 16, wherein at least said one portion of the modeled object 
corresponds to a component of the object to which the modeled object corresponds, and wherein at least 
said one portion responds to the stimulus substantially like the component of said object. 

18. The article of manufacture of Claim 15, wherein the data and functions further include a 
plurality of different behavioral data sets fi-om which a specific behavioral data set is selectable by a user 
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for association with the modeled object, said specific behavioral data set comprising different 
parameters that define different actions of the modeled object in response to a plurality of stimuli. 

19. The article of manufacture of Claim 15, wherein the data and functions further include means 
for modifying the parameters defined by the behavioral data. 

20. The article of manufacture of Claim 15, wherein the behavioral data are associated with 
different portions of the modeled object specified by the shape data, so that a predefined stimulus 
applied to selected portions of the displayed modeled object triggers a predetermined event. 

21 . The article of manufacture of Claim 15, wherein the behavioral data associated with the 
modeled object are selectively displayable to a user. 
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